Objectives: Relapse is a major clinical problem in orthodontic treatment, and long-term observation of treated cases often reveals relapse. Collagen metabolism in the periodontal ligament (PDL) is thought to be involved in relapse. Daidzein stimulates skin collagen synthesis in cultured skin fibroblasts in vitro. We investigated the inhibitory effects of daidzein on relapse after orthodontic tooth movement. Methods: After a force of 10 g induced tooth movement for 14 days, the appliance was removed, and the experimental group was injected with daidzein while the control group was injected with phosphatebuffered saline for 1 week. The distance of relapse was measured by micro-computed tomography. In addition, hematoxylin and eosin staining and the histopathological features were examined by immunohistochemistry using collagen type I (COL-I), matrix metalloproteinase(MMP)1, and proliferating cell nuclear antigen(PCNA). Results: The distances and ratio of relapse in the daidzein group were significantly lower than in the control group. Immunohistochemistry showed marked positive staining of COL-I and MMP1 in the daidzein group. The ratio of PCNA-positive cells in the daidzein group increased at day 7. Conclusion: These results indicated that daidzein activated the collagen metabolism in the stretched PDL and may inhibit relapse after orthodontic treatment.
Introduction
Tooth movement in orthodontic cases has been studied to evaluate the long-term stability. Relapse is a major clinical problem and an undesirable outcome of orthodontic treatment. The cause is not obvious (1) . Tooth movement using an elastic band for 21 days showed that the periodontal ligament (PDL) tended to expand and PDL consisted of irregular the human periodontal ligament Daidzein is a compound extracted from soybean with one isoflavone. The structure of daidzein resembles that of the female hormone estrogen. In the cosmetic field, collagen from skin fibroblasts is applied in anti-wrinkle treatment.
Daidzein has been shown to stimulate skin collagen synthesis in cultured skin fibroblasts via the TGF-/smad signaling pathway in vitro (6) . In addition, daidzein modulated against solar ultraviolet light-induced matrix metalloproteinase(MMP)1 in normal human dermal fibroblasts(7). Therefore, as daidzein exerts estrogen-like activities, similar to relaxin, it may inhibit relapse after orthodontic treatment via the stimulating of the collagen metabolism.
The purposes of this study were to investigate whether or not the local administration of daidzein inhibits relapse after rat experimental tooth movement using micro-computed tomography (micro-CT), and to identify the effects of daidzein on the expression of COL-I and MMP1 during experimental tooth movement due to the application of a force of 10 g using an immunofluorescence analysis in vivo.
Materials and methods

Animals
Breeding of the rats was managed at Nihon University Fig. 1A,B) . In brief, a closed stainless-steel(SS)coil spring (thickness: 0.005 inches, diameter: 1/12 inch, Accurate Sales Co. Chiba, Japan) was ligated to the maxillary right first molar using ligature wire, and the other side of the coil spring was also ligated to the maxillary left and right incisor (Fig.1A) . The orthodontic force applied was that described The 50 ng/ml and 500 ng/ml daidzein groups were injected in the PDL after tooth movement. The injection regimen was that previously reported by Hirate et al. (10) as follows: cheek side of the tooth, palate side, mesial, around four locations of the distal side, 15 l each, daily for 7 days, into the PDL space (Fig. 1B) . The experimental tooth movement was performed for 14 days, and experimental injections were performed for 7 days (Fig. 2 ).
Micro-CT to quantify tooth movement
The distances of the tooth movement and the relapse were determined by measuring the distance between the contact of the first and second molars on micro-CT (Fig. 3 ).
Measurements were conducted experimentally according to the method described by Yamaguchi et al (11) . We measured the distance between the 1st and 2nd molars as the relapse distance, using the sagittal, occlusal and coronal planes. A median palatine suture was used on the sagittal planes. The occlusal plane was the plane connecting the 2nd molar of the tension side with the 1st and 2nd molars of the non-tension side. The coronal plane was the plane from the contact point perpendicular to the occlusal plane. A quantitative imaging analysis of the amount of tooth movement was performed using an in vivo micro-CT system (Rigaku-micro-CT ® , Tokyo, Japan). The first molars were scanned using micro-CT from seven days after the closed SS coil spring was removed. After the rats had been deeply anesthetized with the anesthesia mixture mentioned above (0.15 mg/kg body weight), each rat was set on the stage, and imaging was performed over a full 360°rotation. The images were displayed, and the scanning data were analyzed.
Thin-slice preparation of tissue
The animals were deeply anesthetized with the anesthesia mixture mentioned above and after which the maxilla was immediately dissected. The specimens were decalcified in 10% disodium ethylenediamine tetracetic acid(EDTA, pH diaminobenzidine-tetrahydrochloride Tris-HCl buffer (pH 7.6) was used to visualize reactivity. Finally, all sections were counterstained with hematoxylin, dehydrated and covered. COL-I, MMP1 and PCNA were stained using a Histofine Simple Stain MAX-Po（ Multi ）kit（ Nichirei, Co., Tokyo, Japan ）according to the manufacturerʼs protocol.
The PCNA-positive ratios were calculated using the methods of Sato (13) 
Results
Distances and ratio of relapse by the administration of daidzein
In vivo study, the spaces between molars decreased in all groups. The distances and ratio of relapse significantly decreased each day compared in comparison to the findings on day 0 (Fig. 5A ). We made a 100% ratio basis on day 0. On day 7, the relapse ratios in the 50 ng/ml daidzein and 500 ng/ml daidzein groups were 24.7% and 24.9%, respectively, compared to the value on day 0. In contrast, the relapse ratio The spaces between molars decreased in all groups. B: Quantifying the relapse distance between the maxillary right first molar and the maxillary right second molar. At the day 7, the relapse ratios in the daidzein groups(50 g/ml, 500 g/ml)were significantly lower than in the PBS group(*p< 0.05).
in the control group was 59.0%. The relapse ratio in the daidzein group was significantly lower than in the PBS group (Fig. 5B) .
Histological changes in periodontal tissues during tooth movement by daidzein(H.E.)
The concentration of daidzein injection was applied to the 50 ng/ml in H.E staining and immunohistochemistry as the results of relapse distance ratio was similar for 50 ng/ml and 500 ng/ml. The TM+daidzein 50 ng/ml group at day7 was observed collagen fibers of comparatively clearity and showed wavelike in PDL. The TM + PBS group were observed weak collagen fiber (Fig. 6 ).
Immunohistochemical findings of COL-I and MMP1
The daidzein-treated sections showed marked positive staining of COL-I and MMP1 in the PDL around the tooth compared with the control group (Fig. 7) .
Immunohistochemical findings of PCNA The daidzein group, the ratio of PCNA-positive cells on day 7 was significantly higher than in the PBS group on day 7. The PCNA positive cell ratio of the daidzein group on day 7 was 31.4%, which was 1.5 times that of PBS group (19.6 Int %) (Fig. 8A,B) .
Discussion
In this study, we examined the inhibitory effects of daidzein on relapse after rat experimental tooth movement.
The results showed that the relapse distance in the daidzein group was significantly lower than in the PBS group at days 21. Han et al. (14) reported the relapse in the control group after one week to be the fastest among the groups receiving simvastatin, accounting for almost half of the total distance.
The energy of relapse may have been stored in the stretched PDL collagenous fiber and then it was gradually released after the apparatus was removed. As a result, relapse occurred within one week. These reports support the findings of the present study. In contrast to the substantial relapse noted in the control group, indicating that the distances and rate of relapse were significantly lower in the daidzein group than in the control group. Taken together, these findings show that daidzein inhibited relapse after experimental tooth movement.
We also examined that inhibitory effect of daidzein on relapse through the collagen metabolism. The PDL specimens were found to be composed of relatively dense connective tissue fibers and fibroblasts at day 0 on hematoxylin and eosin(H.E.)staining. Taken together, these findings suggest that daidzein may accelerate the collagen metabolism of PDL.
The results of immunohistostaining of COL-I and MMP1
showed these proteins to be detected at high levels on day 7.
The results suggest that daidzein activates the collagen metabolism in PDL cells through the release and expression of COL-I and MMP1. (19) reported that daidzein was related to the development of breast cancer via DNA damage. We therefore believe that the dose should be monitored closely, given the differences between rats and humans. The appropriate dose in humans should therefore be determined in the future. Recently, Han et al (14) reported that simvastatin, a 3-hydroxy-3-methyl- 
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